Wavefunction collapse models modify Schrödinger's equation so that it describes the collapse of a superposition of macroscopically distinguishable states as a dynamical process. This provides a basis for the resolution of the quantum measurement problem. An additional generic consequence of the collapse mechanism is that it causes particles to exhibit a tiny random diffusive motion.
Our proposed experiment is shown schematically in Fig. 1 . A pair of nanoparticles are trapped side by side using laser light. The particles are simultaneously released and allowed a brief period of free fall. The positions of each of the particles is then measured by light (Rayleigh) scattering. The experiment does not involve matter wave interferometry and therefore avoids much technical complication. Indeed the scheme can be performed with existing technology.
We assume that the two particles are non-interacting and of equal mass. We also assume that the two particles are identical bosons although this is not crucial to our argument-the same conclusion holds if the particles are non-identical. We could also regard the particles as composite objects made up of many constituent particles satisfying the CSL dynamics. This case is more complicated but it can be shown 4 that the CSL dynamics can be applied to the composite object as a whole. Furthermore, any environmental particles involved in the CSL dynamics but not part of the system of interest can be traced away without effect.
There are two fixed parameters in the CSL model which are treated as fundamental constants. These are the localization rate λ and the localization length scale α / 1
. We consider a regime in which the localization length scale is large compared to the length scale defining the spatial extent of the system. The original estimates of these parameters by Ghirardi, Rimini and Weber (GRW) 9 are λ = 10 −16 s −1 and α / = − 1 10 m 7 . However, these values are not definitive. A recent study of the valid regions of the λ-α parameter space consistent with experiment puts no upper bound limit on the CSL length scale 10 .
The CSL master equation is given by
with density operator ρ t and free Hamiltonian Ĥ . The smeared mass density operator is given by ( )ˆ † a a [ x y ] x y 3
The two-particle state is represented by During this period the wave packets of the two particles undergo quantum dispersion. A dynamical wavefunction collapse mechanism will also cause diffusion of the centre of mass of each of the wave packets. The diffusions of the two packets will be correlated if the localization length scale is greater than the particle separation. The position of each particle is recorded with 10 nm accuracy at (b). The coordinate space representation of Eq. (1) for the two-particle state in the limit of large localization length is found to be
Here, the limit of large localization length specifically means that ρ t (x 1 , y 1 , x 2 , y 2 ) is only significant Refs 11, 12) . Equation (7) applies in three dimensional space. In what follows we are concerned only with the behaviour in one dimension. We choose this to be the horizontal dimension of Fig. 1 . We can trace over the coordinates of the other spatial dimensions in ρ t resulting in a reduced one dimensional density matrix. It is straightforward to show that this satisfies a master equation with the same form as Eq. (7).
We now present a solution of Eq. (7) (further details of the techniques used can be found in Ref. 12 ). The solution is represented in terms of a density matrix propagator J (see Refs 13, 14) as We find that for Eq. (7) (in one dimension), J is given by π ( , , , , | ′, ′, ′, ′, ) 
We consider an initial wave function of the form ψ πσ πσ This represents the particles residing in adjacent harmonic traps of width σ and spaced by a distance 2μ ≫ σ. The initial density matrix is We suppose that the particles are simultaneously released from the traps and allowed to diffuse freely. However, they remain sufficiently separated that there is negligible conventional interaction between them. Using Eqs (9 and 10) we have calculated the diagonal part of the density matrix The distribution consists of two peaks, one about X = 0, ξ/2 = μ and another about X = 0, ξ/2 = −μ. Note that we have ignored a possible interference term between the two peaks in Eq. (15) since we assume that they do not disperse enough to overlap. The feature that we are interested in is the shape of these peaks and in particular their rate of dispersion in the two directions X and ξ/2. The X and ξ spreads of each of the peaks are defined by σ X and σ ξ/2 respectively. We see that the CSL parameter D contributes to σ X whilst σ ξ/2 is unaffected. Note that by setting D = 0 (standard quantum mechanics) in Eqs (16 and 17) we find σ σ = ξ/ X 2 2 2 . This reflects the fact that the two particles are behaving independently and their distributions are uncorrelated.
The physical reason for the difference between σ X and σ ξ/2 when D ≠ 0 is that the diffusive shifts in position of the two particles caused by the collapse mechanism will be positively correlated if the particles are closer together than the localization length scale. The system as a whole diffuses but ξ = x 2 − x 1 is only affected by standard quantum dispersion.
Our result is clearly dependent on the fact that the localization length scale α μ / > 1 2 , but in this limit the spreads in X and ξ/2 do not depend on the separation 2 μ. For α μ / < 1 the particles would behave independently under CSL. A null observation would therefore put a constraint on α.
To observe the effect we must distinguish σ X 2 and σ ξ/2 2 . We can estimate these variances by repeatedly measuring the displacements of two particles simultaneously dropped from nearby traps (see Fig. 1 ). We assume that the traps are such that σ = 10 nm and the particles are released for t = 0.25 s corresponding to a drop of 30 cm. We further assume that position measurements have an error of σ err = 10 nm which is normally distributed and independent of x i . If s X 2 is the unbiased estimate of σ X 2 based on n sets of position measurements, then the variance in s X 2 is given by Taking the mass of the particles to be 10 9 amu such that ħ 2 t 2 /4m 2 σ 4 ≪ 1, this results in the following constraint on n:
( ) n 2 100 10 1 20 2 This is shown in Fig. 2(a) . Now we consider the effects of an environment. We suppose that the particles are confined within a vacuum chamber and consider the constraints placed on temperature and pressure by the condition that the collapse effects should be dominant. We consider environmental noise contributions both from radiation and molecular collisions.
It is shown in Ref. 15 that the dominant contribution to the thermal diffusion by radiation is due to recoil from emission of photons. There it is also shown that the variance in displacement of a bulk sphere of radius R and density  due to the emission of radiation is given (in SI units) by where T i is the internal temperature of the bulk object. By demanding that σ σ > × 10
we can constrain the internal temperature of the particles. Using  = 10 3 kgm −3 and R = 10 −7 m, we find The maximum internal temperature is shown in Fig. 2(b) . where P is the pressure given in picoTorr, T e is the external temperature, and T 0 = 300 K is room temperature. We make the conservative assumption that τ c should be 10 times greater than the total experiment time n × t. Taking T e /T 0 ∼ 1 this results in The maximum ambient pressure in the vacuum chamber is shown in Fig. 2(c) . We conclude that an experiment can be performed to test for λα as low as 1 m −2 s −1 . This requires n = 24000; T i = 73 K and P = 3.3 × 10 − 17 Torr. We assume a separation between traps of at least 1 mm (to avoid dispersion forces/gravity effects) so that the correlation effect should be present for α / 1 ⩾1 cm. The accessible region of λ-α parameter space is shown in Fig. 3 . Also shown is the region of parameter space currently ruled out by diffraction experiments involving particles of mass 10 5 amu 16 .
In summary, we have demonstrated an effect of the CSL model in which the diffusive behaviour of two sufficiently nearby particles is correlated. If one particle is found to have randomly moved in one direction as a result of the collapse mechanism, the other particle is more likely to have moved in the same direction. We propose attempting to observe this effect as a test of CSL against standard quantum theory and as a specific test of the CSL length scale. The experiment is possible with today's technology. 
